Objectives: To determine which triacylglycerol (TAG) species in mature human milk are less affected by external factors and may thus be considered as TAG markers, as well as to determine which species are most influenced by these external conditions. Furthermore, we examine the correlation between the TAG markers and their fatty acids (FAs). Setting and subjects: Six healthy women from Barcelona (Catalonia, Spain). Design and interventions: In order to obtain the maximum variability of sampling conditions, 40 mature human milk samples were collected from different mothers, on different days, at different times of the day, and from different breasts during and after both the baby's and mother's meal. TAG and FA profiles were determined and correlated. The TAG composition was determined by high-performance liquid chromatography with an evaporative light-scattering detector, and also with atmospheric pressure chemical ionisation mass spectrometry. FAs compositions were determined by gas chromatography. Results: The results were analysed using the SPSS statistical package and proved to be more variable than might have been found in a more restrictive sample design. Nevertheless, despite these conditions, some TAG species were found in relatively constant levels in mature human milk, and could thus be considered as markers of the mature milk TAG profile. TAG species that we can classify in this group were: LaMO, CaPO, LaCaO, LaPCa, LaOL, MPLn, LLO, LaOO, MPL, and MOL. The names do not indicate the location of fatty acids in the glycerol molecule. On the other hand, concentrations of other TAG species vary considerably between samples and consequently these may be understood to be especially affected by the external factors. TAGs like PaLS, MPO, PaOO, PPP, MPS, SPP, LOO, PPO, MOS, SSP, POL, and SOS are in this second group. Correlation between the TAG markers and their FAs was examined by Pearson's test and a significant correlation was found for some FAs.
Introduction
Breast milk from healthy, well-nourished women is the preferred form of feeding for all healthy infants during the first 6 months of life (ESPGAN, 1982) . Several studies have shown that human milk is a dynamic body fluid whose composition changes throughout lactation (colostrum, transitional, and mature milk), with observable variations for different nutrients, and that it is also influenced by external factors during each stage (eg maternal diet, time of the day, and maternal nutritional status) (Allen et al, 1991; Nommsen et al, 1991; Barry-Lawrence, 1994; Hamosh, 1997; Emmet & Rogers, 1997) . Of all the nutrients in human milk, lipids show the greatest variability. Milk fat composition may be influenced by maternal diet (Lönnerdal, 1986; Ruel et al, 1997; Francois et al, 1998; Jensen, 1999; Pugo-Gunsam et al, 1999; Koletzko et al, 2001 ), but significant variations have also been found in the same woman between feeds (Boersma et al, 1991; Jensen, 1999) , within a feed (Ruel et al, 1997; Jensen, 1999) , and between breasts (Hytten, 1954; Brown et al, 1982; Neville et al, 1984; Jensen, 1999 ). Significant differences in triacylglycerol (TAG) content have been found between samples taken before and after nursing (Hromadová et al, 1991) and among samples from different lengths of lactation (Harzer et al, 1983; Lyapkov & Kiseleva, 1992b; Martin et al, 1993; Morera et al, 2000) . This dynamic character makes it difficult both to obtain representative samples in field studies and to determine the 'usual' composition of breast milk. The aim of the present study was to identify several TAG species that maintain their levels to a considerable degree when sampling is done under nonrestrictive conditions. Their presence would indicate that there are certain kinds of TAG that are not affected by external factors. Furthermore, we determine the relation between these TAGs and their fatty acids (FAs).
Methods
Experimental design and subjects Written informed consent was obtained from all participating women after a careful explanation of the study. The main characteristics of the mothers sampled are presented in Table 1 . All donors were apparently healthy, nondiabetic, and had no pregnancy complications. All mothers, who were middle-class, and lived within the urban area of Barcelona, consumed an unrestricted omnivorous diet. Infants were exclusively breast-fed and were fed on demand.
Samples
Samples were obtained after day 30 to ensure that mature milk was fully established. Donors provided as a minimum, a sample collected before, after, and during their baby's feed and samples from the three different times of day: morning, afternoon, and night. At the moment of extraction, milk samples were labelled according to the time of collection. All milk samples were collected by manual expression, using a Chicco s breast pump (Artsana S.P.A., Italy) and were rapidly heated to 801C and held at this temperature for 1.5 min in order to inactivate the lipases and avoid TAG hydrolysis (Morera et al, 1998a) . They were then transported on dry ice to the laboratory, and stored at À201C until analysis, within 3 months of collection. Samples with minimum traces of hydrolysis were rejected.
Milk lipid extraction
Lipid extraction was performed following a modification of the Folch method as described by Chen et al (1981) . An amount of 25 ml of dichloromethane-methanol (2:1) was added to 1.5 ml of mature human milk contained in a centrifuge tube. The mixture was shaken mechanically for 15 min and centrifuged at 3000 Â g for 8 min (+41C). Then, 8 ml of distilled water was pipetted into a tube and, after shaking for 15 min, the sample was centrifuged (8 min, 3000 Â g). As much of the upper aqueous fraction as possible was removed. The organic layer was washed in a saturated solution of NaCl (Panreac, Barcelona, Spain) and then mixed (15 min) and centrifuged (8 min, 3000 Â g). The organic fraction was carefully transferred to a separatory funnel and filtered through 1PS paper (Whatman, Maidstone, UK) containing anhydrous sodium sulphate (Panreac, Barcelona, Spain).
The extract was concentrated by removing the solvent in a rotary evaporator and dried under a gentle stream of nitrogen. The range of total fat contents obtained was between 22.6 and 60.8 mg. The residue was stored at À201C and redissolved in high-performance liquid chromatography (HPLC)-grade dichloromethane (5% w/v) immediately prior to HPLC analysis.
TAG analysis HPLC-ELSD. For the TAG analysis, one aliquot of 200 ml (10 mg of fat) was transferred to a conical flask containing 0.5 mg of triundecanoin (C33 : 0) as the internal standard (IS). The chromatographic equipment consisted of a HewlettPackard HP-1050 pump system (Waldbronn, Germany), a Rheodyne 7125 injector (Cotati, CA, USA) with a 20-ml sample loop, an evaporative light scattering-detector (ELSD) (model 750/14, ACS, Macclesfield, UK), and a HP 3365 series II Chemstation that used data acquired from the ELSD.
The analytical column used was Spherisorb ODS-2 (250 Â 4.6 mm ID, 5 mm particle size) Tracer Analitica (Barcelona, Spain), protected by a guard cartridge system (Tracer C 18 , 5 mm). The chromatographic separation was carried out using a linear gradient of acetonitrile:dichloromethane:acetone from (80:15:5, v/v/v) to (10:80:10, v/v/v) in 60 min and, after 2 min of isocratic elution with 95% dichloromethane, the initial conditions were reached in 5 min. The flow rate of the eluent was 1 ml/min and the column temperature was 301C. The volume of the sample injected was 10 ml. The ELSD oven was at 551C and the gas flow (from an air compressor) was 10 l/min. (Morera et al, 1998b) .
TAGs, whose names do not indicate positional location of FAs in the glycerol molecule, were identified using logarithms of selectivity values (log a), and the equivalent carbon number (ECN), as described previously (Goiffon et al, 1981; Parcerisa et al, 1994; Morera et al, 1998b) and also by HPLC and atmospheric pressure chemical ionisation-mass spectrometry (APCI-MS) with a positive mode of operation; TAGs were quantified by normalisation, assuming the detector response to be the same for all molecules.
HPLC-APCI-MS. As described previously (Hernandez et al, 1991) , a sample fat solution (5% w/v) in (propionitrile:-diethyl ether 2:3) HPLC grade was passed through a 13 mm (Teknokroma, Barcelona, Spain) that passed through the column at a flow rate of 0.5 ml/min at 251C for 50 min. The HPLC separation system was connected to a Platform II mass spectrometer (Micromas, Manchester, UK) fitted with an APCI. This was typically operated according to the following conditions: tip of the source at 3000 V and 4501C; source block at 801C; counter-electrode at 100 V and 2801C; sampling cone at 50 V. High-purity nitrogen was used as nebuliser gas at a flow rate of 150 l/h and drying nitrogen was introduced into the capillary region at a flow rate of 400 l/h. Full-scan data acquisition was performed over a mass range of m/z 100-1500 amu at a cycle time of 2.0 s and an inter-scan time of 0.2 s.
Fatty acid analysis
Fatty acid methyl esters (FAME) were obtained from a modified version of the AOAC official method (1997) for FAME preparations of fats and oils: one aliquot of 200 ml (10 mg of milk fat) was transferred into a glass tube containing 50 ml of C23:0 (Supelco, Bellefonte, PA, USA) as IS and the solvent was evaporated. It was then saponified with 0.25 ml of sodium methoxide (0.5%, w/w) in methanol. The tubes were immersed in a water bath at 1001C for 15 min before being removed and cooled at room temperature. Then 0.3 ml of boron trifluoride-methanol (20%, w/w) reagent was added and the tubes were again placed in a water bath at 1001C for 15 min. The tubes were cooled and 0.5 ml of n-hexane was added. After shaking for 1 min, 0.15 ml of a saturated solution of sodium chloride in distilled water was added, and the tubes were shaken again. The clear n-hexane top layer containing the FAME was finally transferred with a micropipette into a vial containing a small quantity of anhydrous sodium sulphate. The vial was stored at À201C until injection into the gas chromatograph.
Chromatographic analysis was performed with a HewlettPackard 5890 Series II gas chromatograph (Hewlett-Packard, Waldbronn, Germany) equipped with a flame ionisation detector, a split-splitless injector, and a (30 m Â 0.25 mm ID, 0.2 mm film thickness) SP-2330 capillary column (Supelco, Bellefonte, PA, USA), under the following conditions: the temperature of the column was 1401C for an initial period of 5 min; the temperature was then increased to 2401C at the rate of 71C/min with a final hold for 10 min. Helium was used as the carrier gas (linear flow rate ¼ 20.7 cm/s), and the injector and detector temperatures were 250 and 2701C, respectively. A split injection ratio of 1:30 was used and an aliquot of 0.5 ml was injected. FAs were identified by comparing retention times with standards (Supelco, Bellefonte, PA, USA). Quantification was performed by the IS addition method and was expressed as a percentage (wt/wt) of total fatty acids.
Statistical analysis
Each sample was analysed in duplicate and the results are reported as means and standard deviations. The results were processed using the statistical package SPSS 10.0. (SPSS, Chicago, IL, USA). As expected, the standard deviations of the obtained data were too high for a usual statistical analysis to be applied; moreover, the samples were not collected at the same time for all subjects. Consequently, we used a statistical analysis usually employed in quality control (Montgomery, 1997 ) that makes it possible to investigate the individual behaviour of each TAG. We calculated a 95% confidence interval for each TAG from the increases among samples for each mother, that is, the differences between contiguous data. A wide confidence interval produced highly dispersed data and, consequently, irregular TAG composition of the studied samples. The interval limits were set at those values between which an experimental result could be found with 95% confidence. This interval enabled us to calculate the percentage 'in' and 'out' of total data for each TAG; 'in' means values lying within the 95% confidence interval, and 'out' means lying outside this interval. Therefore, by counting the values found within and outside this interval for each TAG we were able to show the degree of regularity in their behaviour and their greater or lesser dependence upon external factors such as dietary intake. In order to classify the TAGs, the percentages of data lying outside the confidence interval, lower than 25%, and higher than 44% are distinguished. The choice of these percentages is completely arbitrary, but is useful to indicate the degree of dependence on external factors of each TAG and allows us to compare data. For the correlations found between TAGs markers and their FAs the Pearson's test was used.
Results and discussion
The fatty acid composition from mature human milk is presented in Table 2 . Our results are consistent with those of other studies carried out in Spain (De la Presa et al, 1996; Bondia-Martinez et al, 1998), Europe (Guesnet et al, 1993; Koletzko & Rodriguez-Palmero, 1999) and Canada (Chen et al, 1995) .
Using mass spectrometry we found masses that could be ascribed to specific TAGs, which could lead to improvement in the chromatogram identification of TAG (Table 3) . The TAG mass spectra showed very little fragmentation. The most significant fragments present in these spectra arose from the sodium adduct molecular ion [TAG þ Na] þ and the
diacylglycerol (DAG) ion [DAG]
þ . Under our conditions no adduct formation of TAG propionitrile (PrCN), giving the
was observed. The DAG fragments identify different TAGs with the same molecular weight
Triacylglycerol markers of human milk S Morera et al (Byrdwell et al, 1996) . In order to compare the data from this study with those from others, the mean, standard deviation, and range for each TAG were calculated. Despite the fact that mature human milk has a highly complex TAG composition, the main TAGs identified in this study were in accordance with the results obtained by other authors (Winter et al, 1993; Brühl et al, 1994; Kallio & Rua, 1994; Kiseleva et al, 1995; Jensen, 1999) . The mean content values for some TAGs from previous research are lower than ours as a consequence of our experimental design. However, despite this greater variability, the amounts for several TAGs reported in other studies (Lyapkov & Kiseleva, 1992a; Winter et al, 1993; Brühl et al, 1994; Kiseleva et al, 1995; Jensen, 1999) are within the ranges found in the present study. In view of a proven variability in the lipid composition of mature human milk ascribed to external factors, we could consequently expect all TAG species contained in breast milk to be affected in the same way. However, we found some TAG species were more affected than others, resulting in different behaviour that may be nutritionally significant. Hence, we found TAGs with very regular behaviour, that is, external factors, had very little effect on them, as shown by the narrow intervals with high percentages of 'in' counts, whereas other TAGs had wide intervals, sometimes with lower percentages of 'in' counts, reflecting poor regular behaviour and consequently a high dependence on external factors. This first type of TAGs could be considered as markers of mature human milk, because their concentrations are relatively constant under a wide range of sampling conditions. Table 4 shows the mature human milk TAGs according to a descending order of 'in' counts, along their confidence intervals. For the purpose of comparison, TAGs were classified into two groups on the basis of percentages of confidence interval 'out' counts and the width of this confidence interval. All TAGs with percentages of 'out' counts lower than 25% and a confidence interval less than (71) were considered to be markers of mature human milk; conversely, TAGs with percentages of 'out' count greater than 25% and also TAGs with confidence intervals greater than (71) were considered to be too far from a normal distribution, their behaviour thus depending on external factors. Therefore, in view of the results reported in Table 4 , the possible TAG markers of mature human milk could be as follows: LaMO, CaPO, LaCaO, LaPCa, LaOL, MPLn, LLO, LaOO, MPL, and MOL. It should be noted that among the TAGs, that we consider to be human milk markers, LaCaO, LaOL, LLO, LaOO, and MOL were also reported by Kiseleva et al. (1995) : using HPLC and a special computer program, they described 14 types of TAG usually present in mature human milk and argued that these could thus be considered to be independent of dietary intake. On the other hand, the TAG species like MPO, LOO, PPO, MOS, and POL show a high dependence on external factors because they show wide confidence intervals and a number of values outside these intervals, under the same sample conditions as the other TAG species. The nutritional implications of different behaviour in TAGs in mature human milk were specially important in the preparation of synthesised TAGs for use in infant nutrition, because it was reasonable to assume that these species had a biological importance in view of their relatively constant presence in human milk. Furthermore, the presence of these particular TAG species may also be important in the choice of fat sources for preparing formulas for infants that contain the TAG 'markers' insofar as possible and with average concentrations similar to those found in human milk. Finally, Table 5 shows the main correlation found between TAG markers and their FAs, when the Pearson's test was applied. Mean values of both variables were used on each mother in order to calculate the Pearson's correlation coefficient. Note that a significant positive correlation indicates with 95% probability that the increase in the TAG marker produces an increase in the associated fatty acid in the same proportion; conversely, a significant negative correlation indicates with 95% probability that the increase in the TAG marker causes a decrease in the associated fatty acid in the same proportion. This correlation between a TAG and a fatty acid does not necessarily imply the presence of the fatty acid in the TAG but merely describes a relation in their behaviour, and this could be useful in the quality control of milk formulas supplemented with TAG markers.
In conclusion, despite the great variability in human milk TAG composition, we were able to identify several TAG species that are present in mature human milk and behave regularly constant under nonrestrictive sampling conditions. These TAGs are obviously not affected by dietary intake and other external factors and may thus be considered as markers of mature human milk. These findings should encourage further detailed investigation on the nutritional significance of these TAGs for milk-fed infants.
Acknowledgements
We thank Dr MC Ruiz de Villa for providing valuable help with the statistical analysis and Robin Rycroft for the English revision of the manuscript. We would also like to thank the mothers for their help and cooperation.
